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IMPROVEMENTS IN OR RELATING TO MOBILE 
TELECOMMUNICATIONS SYSTEMS 

The present invention relates to in:q}rovements in or relating to mobile 
telecommunication S3rstems, and is more particvilarly concerned witib such systems 
operating on code-time division multiple access. 

The UMTS terrestrial radio access (UTRA) - time division duplex (TDD) 
system is based on a combination of code division multiple access (CDMA) and 
hybrid time division multiple access (TDMA) which is known in the art as code-time 
division multiple access (CTDMA). (UMTS is an acronym for universal mobile 
telecommumcation system also known by persons skilled in the art.) 

In time division multiple access (TDMA), the time axis is divided into a 
plurality of time slots and users are permitted to transmit in certain ones of those time 
slots. Code division multiple access (CDMA), on the other hand, utilises direct 
sequence spread spectrum (DSSS) where a data is multiplied by a spreading factor 
(Q) prior to transmission in order to encode the datia. 

Current mobile telecommunications systems comprise a plurality of 
telecommumcation cells each having at least one base station and at least one mobile 
terminal. Both the base station and the mobile terminal are capable of fimctioning as 
a transmitter and a receiver of radio frequency (RF) signals. 

In a CTDMA system a number of useis are permitted to transmit data sets 
during the same time slot. Each data set in a given time slot is separated by code 
division. 

Ill order to receive transmissions in each time slot, the receiver must be able to 
estimate the characteristics of the transmission channel between the transmitter and 
receiver. In mobile telecommunications applications multipath distortion can arise 
and training sequences or some known data content is needed to facilitate channel 
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estimation in the receiver. The information needed to estimate tihie transmission 
channel's characteristics is contained in the channel's inq)ulse response, a term well 
known in the art. The training sequence may be referred to as a Training code, 
Midamble code, or Pilot code, all terms well known in the art For the purposes of the 
following discussion of the prior art and disclosure of the present invention^ the term 
Training code will be used when referring to the training sequence as defined above. 

The Training code is required on both the uplink from mobile terminal to base 
station and the downlink from the base station to the mobile terminal in order that 
each transmission path to and from each user can be estimated. 

A separate and distinct code from the Training code is the Channelisation code. 
The Channelisation codes are orthogonal codes taken from the set of Walsh codes and 
is a temi well known in the art. The Channelisation code contains an index number 
and a spreading factor, both of which serve to encode the data prior to transmission. 
Thus the Channehsation code is also required during both uplink and downlink in 
order to interpret a user's data. 

To enable multiple spreading factors to be applied to different user's data 
within the same time slot the Channelisation codes are assigned in a particular way. 

The preferred method of assigning Channehsation codes, which is well known 
in the art, is the Orthogonal Variable Spreading Factor (OVSF) code relationship and 
is shown in the tree-link stmcture in Figure 1 . 

Currentiy during the downlink, a single Training code is transmitted along with 
all the data sets of the users in a given time slot. The receiver detects all these data 
sets along witii the single Training code. This is known in the art as Joint Detection 
and it increases the probability of detecting the data set of interest to a particular 
mobile terminal user. Having received all the data sets the Receiver must know all 
the active Channelisation codes in order to insure it is able to interpret the data set of 
interest. 
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A problem with the current method is that if the receiver is configured to detect 
8 Channelisation codes but only 2 data sets are active, the performance of system will 
be decreased. Similarly if the receiver is configured to detect 2 Channelisation codes 
but 6 data sets are active, the performance of the system will be decreased. 

Currently, on the uplink of a dedicated channel the base station will know both 
the Channelisation code and the Training code as it assigns them. The base station 
communicates these to the mobile terminal in the prior downlink transmission. 

However, on the uplink of channels that are not dedicated, for example when 
the mobile terminal is first switched on, there is often no signalling mechanism to 
assign Channelisation codes and the mobile terminal will pick at random a 
Channelisation code to transmit with. Under tiiese circumstances a fixed relationship 
between the training and Channelisation code must be adopted. 

It is therefore an object of the present invention to provide a method of 
associating a Training code to a Channelisation code in a mobile telecommunications 
system such that upon detection of the Training code the Channelisation code is 
known. 

According to the present invention there is provided a metiiod of associating a 
Training code to a ChanneUsation code for use in a mobile telecommunication system 
comprising a base station and a mobile terminal, the method comprising the steps of 
selecting a Channelisation code, encoding data according to the Chaimelisation code, 
selecting a Training code based on a predetermined selection process, transmitting the 
Training code with the data, detecting the Training code and the data, and applying a 
set of rules to the Training code such that the Channelisation code is known, thereby 
facilitating interpretation of the data. 

According to an aspect of the present invention, wherein the mobile 
telecommunications system is operating in an uplink mode, the steps include the 
mobile terminal selecting at random a Channehsation code firom a plurality of 
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available Channelisation codes, the predetermined selection process being such that 
the Training code selected for transmission to the base station is determined by the 
Channelisation code selected, and the set of rules applied to the Training code upon 
detection by the base station being such that for each Training code detected the 
Channelisation code used to encode the data received with that Training code is 
known. 

According to a further aspect of the present invention, wherein the mobile 
telecommunications system is operating in a downlink mode, the steps include 
the base station assigning Training codes to users in a given time slot in a 
predetermined assignment sequence, the predetermined assignment sequence having a 
spreading factor associated therewith, and the base station and the mobile terminal 
having knowledge of the predetermined assignment sequence and associated 
spreading factor such that upon detection of the Training code by the mobile terminal 
the Channehsation code used to encode the data is known. 

The method according to the present invention may be used in a Code-Division 
Multiple Access mobile telecommunication system. 

Alternatively, the method may be used in a Code-Time Division Multiple 
Access mobile telecoitmiunications system. 

Alternatively, the method may be used in a time division duplex mobile 
telecommunication system. 

Altematively, the method may be used in a UMTS mobile telecommunications 
system. 

Advantageously, the present invention eliminates the need for explicit 
transmission of the Training code during uplink mode of operation of a mobile 
telecommunications system with dedicated channels. 



I 
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Furthennore, in systems with non-dedicated channels where the mohile 
tennina] selects the Channelisation code at random, the association of the Training 
code and the Channelisation code is fixed, thus making the detection of data possible. 

Advantageously, the present invention in^oves the performance of a mobile 
telecommunications system by insuring that the receiver knows the number of 
ChanneUsation codes active in a given time slot. 

While the principle advantages and features of the invention have been 
described above, a greater xmderstanding and ^jpreciation of the invention may be 
obtained by referring to the drawings and detailed description of the preferred 
embodiment, presented by way of exan^le only, in which; 

Figure 1 is a diagram of the known Orthogonal Variable Spreading Factor 
ChanneUsation code relationship. 

Figure 2 is a diagram, according to the present invention, of the association 
between Training code and Channelisation code for the Uplink Mode of Operation. 

Figure 3 is a diagram, according to tibie present invention, of the association 
between Training code and ChanneUsation code for the Downlink Mode of Operation. 

In Figure 1, a known method of depicting Channelisation codes of difference 
spreading fectors is shown in the tree-like structure (10). The available 
Chamiehsation codes are denoted by Sk,Q, where k is the index nxmiber and Q is the 
spreading factor. According to this known method, in order for a Channelisation code 
to be assigned no other codes of a higher or lower ^neading factor along the same 
branch of the tree on which the code lies can already be assigned. 

For example, if So,4is the code to be assigned, then So.g, Si.g, So,2, and So.i 
cannot already be assigned. 

As was previously stated, both the transmitter and receiver need to know which 
Training code and which Channelisation code :to use. The conqilexity of the 
relationship between the Training code and th^ Channelisation code will depend on 



I 
I 
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whefher the telecotnmunication system is operating in an downUnk mode (base station 
to mobile terminal) or uplink mode (mobile terminal to base station), and are thus the 
two modes of operation will be treated separately. 

In Figure 2, the association, according to the present invention, between the 
Training code and the Chaimclisation code for tiie uplink mode of operation is 
showing in tree-like staucture (20). As in Figure 1, the available Channelisation codes 
are denoted by Sic^q, where k is the index numbn- and Q is the spreading factor. The 
available Training codes are denoted by mj, where j is an integer indicating the 
tnaximum number of Training codes available for use in a given time slot. As will be 
^reciated by those skilled in Ihe art, a pluraliity of Training codes and a plurali^ of 
Charaielisation codes may be available. 

The association, according to the present invention, between Training codes 
and Channelisation codes in an uplink mode oif operation as shown in Figure 2 will be 
explained with reference to the following exaiinple. 

Li a preferred embodiment of the present invention a single spreading factor is 
always used. In the following example of a preferred embodiment of the present 
invention a spreading factor of 16 is always used. As will be appreciated by those 
skilled in tiie art otiier spreading factors may be used without departing from the 
scope of the present invention. When a user first switches the mobile terminal on he 
is operating in an uplink mode on a non dedicated channel. The mobile terminal will 

t 

select at random a Channelisation code with a! spreading factor of 16 in which to use 

i 

during the first transmission to the base station. Both the base station and the mobile 
terminal know the association of the codes as shown in Figure 2. Thus once a 
Channelisation code with a spreading factor of 16 has been randomly selected, the 
Training code must be the one associated with it as per Figure 2. For example, if the 
Channelisation code Se.ie has been selected, tlie Trainmg code mg must also be used. 
The data is encoded according to the Channelisation code S6,i6 and transmitted along 
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with Training code me- The base staticm then operates to detect the data and the 
Training code. Upon detcrmimng which Training code has been used, the base 
station will be able to determine which Channelisation code to use based on the 
association of codes shown in Figure 2. The base station will then be able to interpret 
the data. 

During the downlink mode of operation^ the requirements for code association 
axe slightly more coniplicated. If the mobile terminal is to perform Joint Detection 
then it needs to know which are the active Channelisation codes and which codes are 
not active. It is not desirable for this information to be broadcast to all users because 
of the overhead required. Instead if different "yraining codes are assigned to each 
Channelisation code, then a user can easily detect which are the active codes by 
correlation with the known Training code, rather than attempting to measure the 
power in all possible codes. However the muMple spreading factors mean that there is 
a many to one relationship between the Channtelisation code and Training code. 
Adopting a one to one relationship reqmres th^ user to correlate with more Training 
codes. However, if the relationship as shown in Figure 3 is adopted, together with 
additional rules governing the assignment of Channelisation codes, then the mobile 
terminal can determine the ambiguity betweeii the Training code and the 
Chatmelisation code. ; 

in Figure 3, the association, according to a fiirtiier aspect of the present 
invention, between Training codes and Channslisation codes for the downlink mode 
of operation is shown in tree-like structure (3G ). The notation used in Figure 3 is the 
same as used in Figures 1 and 2. 

An assignment sequence is used in conjimction with the rules of the OVSF tree 
shown in Figure 1, such that for a Channelisation code to be used, no other code with 
a spreading factor greater or smaller than the Channelisation code to be assigned can 



I 

l! 
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also be assigned along the same branch of the tree. A preferred assignment sequence 
for the association between Training code and, 'channelisation code is given below: 



Q = 16:{m„m„,m,,m^, mj.mj.mj.mj 
Q = 8:{m4,m2, m^.nio} 
Q = 4:{m2. mo} 
Q = 2:{in„} 



As will be appreciated by those skilled in the art alternative assignment 
sequences may be used without departing from the scope of the present invention. 

Assignments for a particular spreading factor are made from left to right in the 
above sequences. Consequently, if the first Channelisation code uses Training code 
mi then subsequent use of Training code mo nifcans that it must be associated with a 
spreading factor of 16, until Training code mi is relinquished. Similarly the use of 
Training code mo before Training code mi sigiifres that the spreading &ctor is 2. The 
assignment ordering above together with the riles of the OVSF tree means that 
Channelisation code can be determined, providing that the presence of the Training 
codes can be reliably detected. 

The association, according to the present invention, between Training codes 
and ChamieHsation codes in an downlink mode of operation as shown in Figure 3 will 
be explained with reference to the following ^anq)le. 

After a user has switched on his mobile jterminal and established contact with 
the base station, the base station will then assign that user a Channelisation code and a 
Training code. However, as will be appreciatqitk by those skilled in the art, in a CDMA 
or CTDMA system, several users may be operating in the same tune slot, all with 
their own unique Channelisation code and Tra ining code as assigned by the base 

i i 
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Station. The base station will transmit simult£raeoiisly all the data of ttie users 
operating in that given time slot. According to! an aspect of the present invention, the 
base station will only transmit a single Trainiijlg code with each user's data. 
Furthermore, the base station will assign Training codes accordingly to the 
assigmnent sequence given above. Both the blase station and the mobile terminal will 

I I i 

know the association of the codes as shown in Figure 3 and the assignment sequence. 
The mobile terminal operating in Joint Detection will detect all the data and Training 
codes transmitted by the base station. Based on the order the Training codes are 
received, the mobile terminal will know whicli| spreading factor has been used to 
encode the data. Knowing the Training code ahd the spreading factor allows the 
mobile terminal to determine the active Channelisation codes by reference to the 
association of codes shown in Figure 3. j 

For example^ if the Training codes m^, mi, ni4, and mo are detected by the 
mobile terminal, then based on the assignment jsequence given above, the mobile 
terminal knows that the spreading factor is 8. 'pow by referring to association of 
codes shown in Figure 3, the mobile terminar||vill known that the Channelisation code 
83,8 , 82,8 , Si,8 , and So,8 are active in the time slot and thus be looking for 4 sets of 

data. i 

I 

As is well known in the art the Training code is easier to detect because it has a 
fixed sequence. j 

As was previously stated, the performai se for the system is enhanced -when the 
receiver knows which Channelisation codes aj e active in a given time slot. The 
present invention provides a method for doin^ this. 

As will be appreciated by those skilled ] n tiie art, the method of associating 



codes as per the present invention, can be usiet 



,8. 



operating in CDMA or CTDMA. 



. I 



in a mobile telecommunication system 
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Furthermore, the method according to tpe present invention can be used in 
UMTS. 

As will be appreciated by those skilled lit the art, various modifications may be 
made to the embodiment hereinbefore descrit :d without departing from the scope of 
the present invention. 
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1. A method of associating a Training co^ : to a Channelisation code for use in a 
mobile telecommunication system comprising a base station and a mobile terminal^ 

I: 

the method cotnqprising the steps of: 

selecting a Channelisation code, 
encoding data according to the Channe| isation code, 
selecting a Training code based on a prk determined selection process, 
transmitting the Training code with thejj ilata, 
detecting the Training code and the dat| , and 
applying a set of rules to the Training ci ide such that the Channelisation code is 



known, thereby facilitating interpretation of l 
2, A method as claimed in Claim 1 , wherf 
system is operating in an uplink mode, and 

the mobile terminal selecting at randoi| 
of available Channelisation codes. 




data. 

the mobile telecommunications 
steps include: 

a Channelisation code from a plurality 



the predetermined selection process bra jg such that the Training code selected 
for transmission to the base station is dctennu led by the Channelisation code selected, 
and 

the set of rules apphed to the Training | >de upon detection by the base station 
being such that for each Training code detecti 1 the Channelisation code used to 
encode the data received with that Training cl ie is known. 

3. A method as claimed in Claim 2, wherii n the spreading factor of the randomly 
selected Channelisation code is 16. 

4. A method as claimed in any precedingijj tlaim, wherein the mobile 
telecommunications system is operating in a je pwnlink mode, and the steps include: 
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to users in a given time slot in a 
lermined assignment sequence having a 

Lving knowledge of the 
ted spreading factor such that upon 
inal the Channelisation code used to 



12 

the base station assigning Training cod 
predetermined assignment sequence, the predl 
spreading factor associated therewith, and 

the base station and the mobile 
predetermined assignment sequence and assQ 
detection of the Training code by the mobile 
encode the data is known. 

5. A method as claimed in Claim 4, wherjJ n the predetermined assignment 
sequence is: 

for Q = 16: {m,,mo,m5,m4, m3,m2,m7,m 

for Q = 8: {m^.m^, m^.mo} 

forQ = 4:{m^, mj 

for Q = 2: {mj 

where Q equals the spreading ^tor an' 

codes. 

6. A Code-Division Multiple Access mob! 
method as claimed in any of Claims 1 - 5* iii 

7. A Code-Time Division Multiple Acce 
using the method as claimed in any of Clai 

8. A time division duplex mobile teleco 
claimed in any of Claims 1-5. 

9. A UMTS mobile telecommunications 
any of Claims 1-5. I 

10. A method of associating a Training co 
hereinbefore described with reference to the 



mj represents the available Training 
telecommimication system using the 



1 



bile telecommunications system 
5. 

ication system using the method as 



stem using the method as claimed in 



I to a Channelisation code as 
::onipanying drawings. 
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ABSTRACT 

A method of associating the Training cc de to a Channelisation code in a mobile 
telecommunications system. The method incl ides associating a Training code with a 
Channelisation code prior to transmission according to a set of rules such that upon 
detection of the Training code by a receiver, tie Channelisation code is known. 
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